The history of depth of anaesthesia monitoring "Whilst the effect of the ether is going off, however -after persons have been completely insensible, -they are not unfrequently free from the pain of an operation, which is still going on, at a time when the mental faculties have returned, together with the special senses of sight and hearing..." 1 John Snow 1847 Depth of anaesthesia concerned practitioners from the outset. During the first few months of 1847, John Snow made careful observations of the patient's responses to ether: "The point requiring the most skill and care in the administration of the vapour of ether is, undoubtedly, to determine when it has been carried far enough" 1 . He described five stages of anaesthesia, from early excitement to respiratory failure and eventual death, recommending that patients be operated on in the fourth stage when completely relaxed. Total insensibility was not always the goal, ether administration was often brief with patients frequently being aware of the closing moments of the operation. But the exhilaration produced by the ether was prolonged and had some unexpected benefits: "The patient often expresses his gratitude to his surgeon in more ardent and glowing terms than he would do if the remaining effect of the ether were not counteracting his usual reserve" 1 .
This description of anaesthetic depth changed little over the next 60 years, although the early stages were combined to produce four recognisable stages of anaesthesia. During World War I, Arthur Guedel designed a wall chart to assist non-medical practitioners, such as orderlies and nurses, to provide anaesthesia for the casualties of war after battles. He separated the third (surgical) stage of anaesthesia into four planes, describing the changing eye and respiratory signs. This chart became an important tool for anaesthetists, gaining widespread acceptance after the publication of his book in 1937 2 .
But the introduction of muscle relaxants into anaesthesia changed everything. Initially relaxants were used as an adjunct to anaesthesia with small doses of curare given to spontaneously ventilating patients. Then Cecil Gray and his colleagues developed the so-called "Liverpool Technique", intentionally light anaesthesia with profound muscle relaxation 3 . The risk of inadequate anaesthesia was soon raised in an editorial in the Lancet 4 with the first reported case following in 1950. The patient remembered waking in theatre in excruciating pain -the anaesthetist suggested that he should perhaps have been "a little more generous with the thiopentone" 5 . The first published study on the incidence of awareness produced an incidence of 2.78% 6 which led to a growing concern in the profession.
Guedel's chart became increasingly irrelevant with the administration of muscle relaxants and the use of intravenous drugs to provide balanced anaesthesia: anaesthetists still relied on clinical signs such as pulse rate, blood pressure and sweating but these were clearly inadequate. Other indirect methods were developed, with Merkel and Eger in 1963 first describing the concept of the minimum alveolar concentration (MAC) of an anaesthetic agent required to produce no movement in experimental animals subjected to painful stimuli 7 . In 1965 Merkel and Eger suggested that MAC could be used as a standard by which all anaesthetic agents could be compared 8 . However, debate continued for some years about this concept. In 1971 Leonard Bachman suggested that it would be more appropriate to compare the median effective dose (ED 50 ) of inhaled anaesthetic drugs, a system well recognised by pharmacologists 9 . Eventually this was the system that evolved. MAC is now defined as the minimum alveolar concentration at which 50% of the population will move in response to a given surgical stimulus. Knowing the MAC values of anaesthetic agents allowed anaesthetists to calculate the amount of anaesthetic agent delivered to paralysed patients. Recently it has become possible to measure end-tidal vapour concentration, while most monitors will also provide a MAC value. Equipment to monitor inhaled concentration of inhalational anaesthetics is now a requirement under the Australian and New Zealand College of Anaesthetists guidelines (ANZCA PS 18).
In 1977, Tunstall described the isolated forearm test which was the first attempt to provide a direct measure of awareness 10 . A tourniquet was inflated immediately prior to the administration of muscle relaxant and the patient given instructions to indicate if he or she was awake. There were many limitations to this test and clearly some problems interpreting the results. "No patient responded to the verbal instructions during anaesthesia and none recalled events or remembered dreaming... Surgery proved impossible while the tourniquet remained inflated because of purposeful movement of the arm" 11 . It also did not provide a means of preventing awareness: "As such a monitor, the isolated forearm test is ineffective. After all, it is too late if the patient is already awake. That is failure" 12 .
Shortly after the discovery of the electroencephalogram (EEG) it was suggested that it might be useful in anaesthesia 13 , but early experiments with raw data revealed that it was too cumbersome as a clinical monitor. Similar problems were found with mid-latency auditory evoked potentials which also provided potentially useful information.
It is only in the last 20 years that depth of anaesthesia monitors have become commercially available. Several monitors are currently the subject of ongoing research, research that is now driven not just by concern about awareness but also about optimising drug delivery to ensure rapid recovery, potentially decreasing the complications of excessive anaesthetic delivery.
The widely available Bispectral Index applies a mathematical algorithm to the bispectral analysis of the EEG. The algorithm relies on previously obtained statistical analysis of anaesthetic agent concentrations and patient reactivity 14 ; a number between 1 and 100 is provided with 100 being fully awake and 40 to 60 correlating with optimal anaesthetic depth. Other devices based on the EEG such as the Narcotrend Index and the M-Entropy module are available, as are depth of anaesthesia monitors based on the auditory evoked potential.
Currently the role of these monitors in anaesthesia remains controversial. Few trials have the power to reveal a difference in the incidence of awareness as the overall incidence is low, and research often concentrates on quality and rate of recovery 15 . Given that it has been estimated that routine monitoring would add £30 million to the UK healthcare costs, it remains to be seen whether it will ever be justified.
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